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Chapter 1. Introduction 
 Aromatic compounds with delocalized p-electrons embedded on rigid structures are 
interesting candidates for organic semiconductors. They are inherently bipolar charge carrier 
transporters, and their nature can be biased by molecular structures. Therefore, elaborate molecular 
designs, such as the incorporation of biasing substituents or the extension of p-systems on sp2-carbon 
networks, have been exploited for the development of organic materials with specific characteristics. 
Recently, we introduced a macrocyclic aromatic hydrocarbon and demonstrated its unique features 
such as the unbiased bipolar nature of the carrier transport and an extremely high thermal robustness. 
However, understanding of structure-performance relationship and guiding principles for molecular 
designs have not been fully exploited for the development of new organic materials. From the synthetic 
point of view, choosing a suitable synthetic and concise isolation method is essential for the 
preparation of materials of practical use. This thesis discloses my efforts on the development of novel 
arylene macrocycles for organic electronics. 
 
Chapter 2. Synthesis, Molecular Structures, and Device Applications of [n]Cyclo-meta-
phenylenes 
  [n]Cyclo-2,7-naphthylene ([n]CNAP) is a singly-bonded arylene macrocycle composed 
simply of carbon and hydrogen atoms. The molecule possesses unique features such as extremely high 
thermal stability and bipolar carrier transport ability in organic light-emitting device (OLED). In 
addition, the molecule is readily accessible on a large scale with a Ni-mediated coupling reaction. 
 The first example of this arylene hydrocarbon molecule implied that the degenerate π-system 
embedded in the strain-free macrocyclic structure is beneficial for materials applications, and the 
design and synthetic strategies may further be developed by adopting various arylene units. As an 
interesting yet challenging arylene candidate for the macrocycles, benzene was envisioned: benzene 
possesses the most fundamental aromatic structure bearing fully delocalized p electrons, although its 
utilities as organic materials is yet to be explored. Having a strain-free structure similar to [n]CNAP, 
[n]cyclo-meta-phenylene ([n]CMP) was thus chosen as a target for materials applications.  
 In this chapter, the development of a concise and scalable synthesis method for [n]CMP is 
described. Originally, [n]CMP was synthesized by Staab in 1960s through Co/Cu-mediated coupling of 
the corresponding phenyl magnesium bromide, but this synthesis suffered from the low yields (Figure 
1). A new synthesis method adopted an one-pot Ni-promoted homocoupling reaction of electroneutral 
m-dibromobenzene and afforded a series of [n]CMP congeners in improved yields. The [n]CMP 
congeners of a different ring size (n = 5 and 6) were purified by a column-free method utilizing their 
stark difference in solubility, which afforded a nearly gram quantity of the major [5] and [6]CMP 
congener. Structures of [n]CMP were fully elucidated by spectroscopic and crystallographic analyses, 
 5 
and, finally, their performance in OLED were investigated to reveal a bipolar carrier transport abilities 
to be applied to hole and electron transport layers (HTL and ETL) in conventional multi-layer OLED 
with a phosphorescent emitter to achieve good to moderate external quantum efficiency (EQE) of light 
emission. 
 
Figure 1. Improved synthesis of [n]CMP and its potential application in OLED devices. 
 
Chapter 3. Simple Modification of [n]Cyclo-meta-phenylenes for Higher Performance in OLED 
Devices 
 The multi-layer OLED with a high efficiency for light emission was developed through a role 
allotment of specific functions to multiple molecular materials. The multi-layer architecture, however, 
inevitably requires a multi-step process to design, synthesize and assemble different molecules for each 
layer, and an ideally simple system for OLED is a single-layer architecture. The guiding principle for 
such organic materials has not been clarified to achieve a sufficiently high efficiency, i.e., a 
quantitative electro-optical conversion.  
 The development of arylene macrocycles for the single-layer OLED is described in this 
chapter. Starting from the [n]CMP structures, the molecular design was further developed to enable one 
molecular material to function in ETL, HTL and an emission layer (EML) as a host material. The 
structure-performance relationship studies with structural variants revealed the structural requirement 
for the arylene macrocycle to be utilized in the single-layer OLED with a phosphorescent emitter. In 
addition to the bipolar carrier transport ability, an additional requisite of high triplet-state excited 
energy (ET) was fulfilled by structural modifications. An unexpectedly high EQE value of 19.0% at a 
constant current density of 2.5 mA•cm–2 was recorded with a green Ir(ppy)3 emitter in such a single-
layer OLED, which reached the highest value of preceding multi-layer OLED, namely, the nearly 
quantitative electro-optical conversion. The results indicated the infinite possibilities of macrocyclic 
aromatic hydrocarbons for the future investigations in the organic electronics. 
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Figure 2. Potential application of the modified arylene macrocycle in a single layer OLED device. 
 
Chapter 4. Synthesis and Structure of Macrocycles with Pyridine Subunits 
 In chapter 4, the synthesis of pyridine-containing macrocycles is described. The synthesis was 
achieved in a concise one-pot macrocyclization in good yields using Suzuki cross-coupling reactions. 
Congeners up to macrocycles containing 14 subunits were isolated. Their structures were determined in 
both solution and solid state. The macrocycle showed a flexible structure in solution, and a structural 
diversity in solid state in response to the strain. Physical properties of the macrocycles were revealed, 
showing their favorable characteristics for materials applications. Thus, the structural and electronic 
effects of macrocycles with pyridine subunits in organic electronics would be worth investigating in the 
future. 
 
Chapter 5. Summary 
 This thesis demonstrates that the intrinsic carrier transport ability of aromatic hydrocarbons 
could be utilized in modern organic electronic devices. Remarkable performances could be achieved 
after molecular decoration on the rigid and thermally robust macrocyclic structure. The construction of 
a macrocycle in an one-pot manner was concise and scalable. The synthetic drawback of the one-pot 
macrocyclization method, being lack of precise control of the reaction, could be remedied using 
appropriate coupling methods. Thus, readily and sufficient supplement of the materials was achievable. 
The scope developed through the research conducted for the thesis is meaningful for both synthetic 
chemistry and the future development of organic materials.  
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